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AUTOMOTIVE GENERATOR CONTROL APPARATUS 


CROSS REFERENCE TO RELATED APPLICATION 
This application is based on and incorporates herein 
5 by reference Japanese Patent Applications No. 2000-272222 filed 

on September 7 , 20 00 and No. 2000-304725 filed on October 4 , 200 0 . 

BACKGROUND OF THE INVENTION 
The present invention relates to an automotive 
10 generator control apparatus for controlling an output voltage 

of an automotive generator by turning on and off a field coil 
current . 

Automotive generators recharge a battery during 
vehicle engine operation in addition to providing power for 

15 engine ignition, vehicle lights, and other electrical equipment. 

A generator controller is connected to the generator for 
maintaining a substantially uniform output voltage even when the 
electrical load changes. Demand for reduced noise from the 
generator has increased with rising demand for higher automotive 

20 quality. 

One method proposed to reduce generator noise is 
described in Japanese Patent Application Laid-open No. 64-20000, 
which teaches a method for reducing the switching noise signal 
that occurs when a field coil current is controlled by a MOS 
25 transistor. Switching noise signal is reduced with this method 

by negative feedback of a supply voltage from a voltage booster 
circuit to the gate terminal of the transistor so that the source 


voltage of the transistor follows a particular voltage step- 
up curve. The problem with this method is that the circuit design 
is complex and operation is likely to become unstable. 

With another method proposed in Japanese Patent 
Application Laid-open No. 4-96696, when a transistor controlling 
a field coil current is conductive, current supply to the gate 
of the transistor is restricted until the source voltage of the 
transistor rises to a particular level. Thus, transistor 
conducting speed is slowed down to reduce switching noise signal. 
However, intermittent operation of a charge pump circuit used 
as a voltage booster circuit produces gate voltage current supply 
fluctuations, resulting in changes in transistor current 
continuity. Conduction current change alone is a cause of 
switching noise signal. It is desirable to further reduce 
switching noise signal by suppressing this current change. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
a control apparatus for a motor vehicle generator capable of 
reducing switching noise signal in a simple circuit 
configuration. 

An automotive generator control apparatus according to 
the present invention has a switching device for interrupting 
current supply to a field coil of an automotive generator. A 
flywheel diode is parallel-connected to the field coil. a 
voltage detection circuit is provided for outputting a signal 
instruction to turn on or off the switching device so that the 


-2- 


output voltage of the automotive generator is adjusted to a 
specified voltage. A drive circuit is provided for driving the 
switching device. 

When a signal instructing the switching device to turn 
5 on is input from the voltage detection circuit, the drive circuit 

supplies a specific current to a switching device control 
terminal to raise the control terminal voltage until terminal 
f =i voltage of the field coil exceed a specified value. After 
-fi terminal voltage of the field coil rise to the specified value, 
1© the drive circuit applies a voltage higher than the output 
yy voltage of the automotive generator to the control terminal, 
s Because the switching device is driven by supplying the 

00 specific current until terminal voltage of the field coil rises 
£j to the particular value, change in current flow through the 

1SH switching device is suppressed and switching noise signal in the 

output of the vehicle generator can be reduced. It will be noted 
that noise is reduced using a relatively simple circuit design 
because only elements for supplying the specific current are 
added to the circuit configuration generating a voltage higher 
2 0 than the output voltage of the automotive generator. 

Alternatively, the drive circuit has a charge pump 
circuit having an even number of capacitor stages. A current 
supply circuit is provided for supplying current to the charge 
pump circuit. A signal circuit is provided for intermittently 
25 operating the charge pump circuit. A diode is connected in the 

forward direction from the input to the output terminal of the 
charge pump circuit. 


The last capacitor in the charge pump circuit is 
charged when the first capacitor discharges, but the output 
current of the current supply circuit at this time is supplied 
to the control terminal of the switching device through the diode 
5 connected in the forward direction from the input terminal to 

the output terminal of the charge pump circuit. By supplying 
the output current of the current supply circuit to the control 
terminal of the switching device when the output current of the 
charge pump circuit is not supplied, change in the switching 

If device drive current can be suppressed, change in current flow 

through the switching device can also be suppressed, and 
switching noise signal in the automotive generator output can 
be reduced. Furthermore, this can be achieved using a relatively 
simple circuit design because only the diode is added in parallel 

IS with the charge pump circuit. 


BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages of the present 
invention will become more apparent from the following detailed 
2 0 description made with reference to the accompanying drawings. 

In the drawings : 

Fig. 1 is a circuit diagram of an automotive generator 
control apparatus according to a first embodiment of the present 
invention; and 

25 Fig. 2 is a circuit diagram of an automotive generator 

control apparatus according to a second embodiment of the present 
invention. 

-4- 


DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
(First Embodiment) 

Referring to Fig. 1, a voltage regulator 1 is provided 
to control a voltage of the S-terminal, which is provided for 
5 detecting the voltage applied to a battery 3 , to a particular 

voltage adjustment setting (such as 14V). An ignition detection 
terminal { IG terminal) is connected to the battery 3 through an 
ignition switch 4. Control by the regulator 1 starts when the 
y=i ignition switch 4 is turned on {ON position). 

19: A vehicle-mounted a.c. generator 2 includes a 

•"4 three-phase stator coils 21 wound on a stator, a rectifier 

%j circuit 23 for full-wave rectifying the three-phase output of 
the stator coils 21, and a field coil 22 wound on a rotor. The 
fli output voltage of the generator 2 is controlled by the regulator 

153 1 by appropriately turning on and off current supply to the field 

coil 22. An output terminal (B terminal) of the generator 2 is 
connected to the battery 3 , so that a charging current is supplied 
from the terminal B to the battery 3 . 

The regulator 1 has a MOS transistor 11 connected in 
20 series with the field coil 22, a flywheel diode 12 parallel- 

connected to the field coil 22, a voltage detection circuit 13, 
and a voltage booster circuit 14. The voltage detection circuit 
13 determines whether the MOS transistor 11 conducts or turns 
on so that the S terminal voltage, which varies with the output 
25 voltage of the generator 2, is held at a specified voltage 

adjustment setting. The booster circuit 14 is disposed between 
the voltage detection circuit 13 and MOS transistor 11 to operate 


as a drive circuit for driving the MOS transistor 11. 

The voltage detection circuit 13 comprises a 
transistor 30, a Zener diode 31, and three resistors 32, 33, 34 . 
The Zener diode 31 is selected so that it turns on when the S 
terminal voltage exceeds the voltage adjustment setting, thus 
causing the transistor 3 0 to conduct and the collector potential 
to drop. The collector of transistor 30 is connected to the 
booster circuit 14. A low potential signal output from the 
collector is a control signal instructing the booster circuit 
14 to interrupt or turn off the MOS transistor 11. Conversely, 
when the S terminal voltage is less than or equal to the voltage 
adjustment setting, the base potential of the transistor 30 drops, 
interrupting the transistor 30 and raising the collector 
potential. This high potential signal output from the collector 
of the transistor is a control signal instructing the booster 
circuit 14 to turn on the MOS transistor 11. 

The booster circuit 14 includes a charge pump circuit, 
which comprises three diodes 40, 41, 42 and two capacitors 43, 
44. In addition, a signal circuit 45 is provided for 
intermittently driving the charge pump circuit. Two transistors 
50, 51, two resistors 52, 53, and diode 54 are provided to operate 
as a first current supply circuit for supplying a specific 
current to the gate terminal of the MOS transistor 11. Two 
transistors 46, 47 and two resistors 48, 49 are operated as a 
second current supply circuit for supplying current to the charge 
pump circuit. Two transistors 55, 56, and resistor 57 are 
provided to operate to interrupt continuity to the MOS transistor 


11 in response to an appropriate interrupt signal input from the 
voltage detection circuit 13. Two transistors 58, 59 and two 
resistors 60, 61 are provided for operating the second current 
supply circuit when terminal voltage (the MOS transistor 11 
source potential) of the field coil 22 exceeds a particular 
level . 

The first embodiment operates as follows. 

(A) When the S terminal voltage is greater than or equal 
to the voltage adjustment setting, the Zener diode 31 turns on 
and transistor 30 conducts, thus interrupting transistor 58 of 
booster circuit 14. The boosting operation of the charge pump 
circuit thus, stops because current is not supplied by the current 
mirror circuit comprising transistors 46, 47. Furthermore, 
because transistor 55 does not conduct either, current is not 
supplied to the gate of MOS transistor 11 by the current mirror 
circuit comprising transistors 50 and 51. 

In this instance, transistor 56 conducts. As a result, 
the gate voltage of MOS transistor 11 drops and MOS transistor 
11 turns on. Because the field coil 22 has a large inductance 
component, the current flowing through field coil 22 at this time 
flows through flywheel diode 12 and gradually drops. 

(B) When the S terminal voltage is less than the voltage 
adjustment setting, transistor 30 turns on and transistor 55 
conducts. This transistor 55 pulls a specific current through 
resistor 52, and this current is supplied to diode 54 by the 
transistors 50, 51 forming a current mirror circuit. The current 
output from diode 54 then causes the gate terminal voltage of 


the MOS transistor 11 to rise, MOS transistor 11 gradually 
conducts, and the source voltage of the MOS transistor 11 rises. 

This source voltage is a voltage divided by resistors 
60, 61. when the divided voltage (terminal voltage of resistor 
61) reaches a particular level, transistor 59 conducts. In 
conjunction therewith, transistor 58 also conducts. A specified 
current is pulled through resistor 48. This current is supplied 
to the first diode 40 in the charge pump circuit by transistors 
46, 4 7 of the current mirror circuit. 

The signal circuit 45 is also connected to capacitors 

43, 44, to which it applies opposite phase signal voltages. The 
other terminal of capacitor 43 is connected to the cathode of 
the first stage diode 40 and the anode of the second stage diode 
41. The other terminal of the other capacitor 44 is connected 
to the cathode of the second stage capacitor 41 and the anode 
of the third stage capacitor 42. The cathode of the third stage 
capacitor 4 2 is the output terminal of the charge pump circuit, 
and is connected to the cathode of diode 54 and the gate of MOS 
transistor 11. This means that when the current is supplied to 
the first stage diode 40 when the signal circuit 45 is operating, 
mutually opposite phase voltages are applied to capacitors 43, 

44, and a voltage higher than the output voltage of the generator 
2 can be produced from the output terminal of the charge pump 
circuit. 

It should be noted that while the regulator 1 uses two 
sets of diodes and capacitors in the charge pump circuit, the 
actual number of sets can be varied as needed. 


When the S terminal voltage drops below the voltage 
adjustment setting, it is thus possible to suppress change in 
the current flowing between the source and drain of the MOS 
transistor 11 by supplying current using the current supply 
5 circuit separate from the charge pump circuit and thereby boost 

the gate voltage of the MOS transistor 11 until the source voltage 
of the MOS transistor 11 (that is, terminal voltage of the field 
coil 22) reach a voltage exceeding the inverse bias voltage of 
the flywheel diode 12. It is therefore possible to reduce 

1% switching noise signal contained in the output voltage of the 

generator 2. Furthermore, after the source voltage of the MOS 
transistor 11 reaches the specific level, the drive voltage is 
produced by the charge pump circuit and applied to the gate of 
the MOS transistor 11. However, because the current flowing 

15 between the source and drain of the MOS transistor 11 flows to 

the field coil 22 at this time, fluctuation in the voltage applied 
to the gate of the MOS transistor 11 is smoothed by the inductance 
component of the field coil 22. Thus, switching noise signal 
is reduced. 

20 The MOS transistor 11 can alternatively be connected 

to the low potential side. Furthermore, a MOS transistor 11 is 
used as the switching device, but it will be obvious that a 
bipolar transistor and other types of devices can be used for 
the switching device. 

25 (Second Embodiment) 

In a second embodiment shown in Fig. 2, a booster 
circuit 14 differs from the booster circuit 14 in the first 


embodiment . 

More specifically, this booster circuit 14 comprises 
a charge pump circuit comprising three diodes 40, 41, 42 and two 
capacitors 43, 44. A signal circuit 45 is provided for 
5 intermittently driving the charge pump circuit- Two transistors 

50, 51 and three resistors 52a, 52b, and 53 are provided to 
operate as a current supply circuit for supplying current to the 
charge pump circuit. A diode 54 is connected in parallel with 
the charge pump circuit. Two transistors 55 and 56 are provided 

lg to operate to turn on the MOS transistor 11 according to an 

interrupt control signal input from the voltage detection 
circuit 13. Transistors 58 , 59a, 59b and resistor 60 are provided 
for setting the supply current of the current supply circuit 
according to the source voltage of the MOS transistor 11. 

15 The second embodiment operates as follows. 

(A) When the S terminal voltage is greater than or equal 

to the voltage adjustment setting, Zener diode 31 turns on and 
transistor 30 conducts, thus interrupting transistor 55 of 
booster circuit 14. The boosting operation of the charge pump 

20 circuit and current supply through diode 54 thus stop, because 

current is not supplied by the current mirror circuit comprising 
transistors 47, 50. Current is therefore also not supplied to 
the gate of MOS transistor 11. 

In this case transistor 56 conducts. The gate voltage 

25 of MOS transistor 11 drops and MOS transistor 11 turns on. 

Because the field coil 22 has a large inductance component, the 
current flowing through field coil 2 2 at this time flows through 
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flywheel diode 12 and gradually drops. 

(B) When the S terminal voltage is less than the voltage 

adjustment setting, transistor 30 turns off and transistor 55 
conducts. This transistor 55 pulls a specific current through 
5 resistor 52a. This current is supplied to first stage diode 40 

of the charge pump circuit by the transistors 50, 51 forming a 
current mirror circuit and to the diode 54 connected between the 
input and output terminals of the charge pump circuit, and the 
gate voltage of the MOS transistor 11 rises. 

19" The signal circuit 45 is also connected to capacitors 

43, 44, to which it applies opposite phase signal voltages. The 
other terminal of capacitor 43 is connected to the cathode of 
the first stage diode 40, to the anode of which is connected an 
input terminal, and the anode of the second stage diode 41. The 

15 other terminal of the other capacitor 44 is connected to the 

cathode of the second stage diode 41 and the anode of the third 
stage diode 42. The cathode of the third stage diode 42 is the 
output terminal of the charge pump circuit, and is connected to 
the cathode of diode 54 and the gate of MOS transistor 11. This 

20 means that when current is supplied to the first stage diode 40 

when the signal circuit 45 is operating, mutually opposite phase 
voltages are applied to capacitors 43, 44, and a voltage higher 
than the output voltage of the generator 2 can be produced from 
the output terminal of the charge pump circuit. 

25 It should be noted that because the charge pump circuit 

of this embodiment has an even number of capacitor stages (two) , 
the last capacitor 44 is in a discharge state when the first 
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capacitor 43 is charging, and this discharge current is supplied 
to the gate of the MOS transistor 11. In addition, because the 
last capacitor 44 charges when the first capacitor 43 discharges, 
current is not supplied from the pump to the gate of the MOS 
5 transistor 11, but the current supplied to the input terminal 

of the charge pump circuit at this timing is supplied through 
diode 54 to the gate of the MOS transistor 11. 

Furthermore, when the current is thus supplied to the 
gate of MOS transistor 11 and the current flowing between the 

10 source and drain of the MOS transistor 11 rises until the flywheel 

diode 12 can be reverse-biased, the source voltage of the MOS 
transistor 11 begins to rise. On the other hand, because the 
source of MOS transistor 11 is connected to one transistor 59a 
of the current mirror circuit via resistor 60 and transistor 58, 

15_ the current flowing through transistor 59a of the current mirror 
circuit rises in conjunction with the rise in the source voltage 
of the MOS transistor 11 when the S terminal voltage becomes less 
than the voltage adjustment setting, transistor 30 turns on, and 
transistor 58 conducts. The current flowing from the other 

20 transistor 59b through resistor 52b to transistor 50 thus 

increases, and the drive current generated by the current supply 
circuit, which is formed by the current mirror circuit including 
this transistor 50, rises. 

By thus using an even number of capacitor stages in the 

25 charge pump circuit and parallel-connected diode 54 in the 

forward direction from the input to the output terminal of the 
charge pump circuit, the current supplied from the current supply 
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circuit to the input terminal is supplied through diode 54 to 
the gate of MOS transistor 11 when the last capacitor 44 of the 
charge pump circuit is charging and the drive voltage (drive 
current supply) is not applied to the gate of the MOS transistor 
11 from the charge pump circuit. It is therefore possible to 
smoothen the rise in the gate voltage of the MOS transistor 11 
when the S terminal voltage is less than the voltage adjustment 
setting, and suppress change in current flow to the MOS 
transistor 11. It is therefore possible to reduce switching 
noise signal in the output voltage of the generator 2. 

Furthermore, by increasing current supply to the 
charge pump circuit and diode 54 after the source voltage of the 
MOS transistor 11 rises to the specified level (the reverse bias 
voltage of the flywheel diode 12), the gate voltage of the MOS 
transistor 11 can be quickly boosted and loss in the MOS 
transistor 11 can be reduced. Moreover, because current flow 
between the source and drain of MOS transistor 11 flows to the 
field coil 22 when the source voltage of the MOS transistor 11 
is greater than the reverse bias voltage of the flywheel diode 
12, fluctuation in the voltage applied to the gate of the MOS 
transistor 11 is smoothed by the inductance component of the 
field coil 22 and switching noise signal is suppressed. 

It will be obvious to one with ordinary skill in the 
related art that the present invention shall not be limited to 
the disclosed embodiments and can be varied in many ways without 
departing from the spirit of the invention. For instance, the 
MOS transistor 11 may alternatively be connected to the low 


potential side. Furthermore, the MOS transistor 11 may be 
replaced with bipolar transistor. Further and other types of 
devices can be used for the switching device. 
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